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SPECIFICATION 

RUBBER COMPOSITION FOR TIRE TREAD AND PNEUMATIC TIRE 
USING THE SAME 



5 TECHNICAL FIELD 

[0001] This invention relates to a rubber composition for a tire tread and a 
pneumatic tire using the same, and more particularly to a rubber composition for 
a tire tread having an excellent wear resistance and a high rebound resilience. 
RELATED ART 

10 [0002] Carbon black is an industrially useful raw material produced by 
generating in a furnace under severely controlled conditions or by spraying a 
starting hydrocarbon into a high temperature combustion gas introduced in a 
furnace from an exterior to conduct thermal decomposition or partial combustion 
of the staring hydrocarbon. Since carbon black has a peculiar characteristic 

15 capable of spectacularly improving mechanical properties in a composition 
compounded with rubber, particularly properties such as tensile strength, wear 
resistance and the like, it is widely used as a reinforcing filler for various rubber 
products commencing with tires. 

[0003] The carbon black for rubber compounding largely affects the 
20 performances of the rubber composition owing to its physical and chemical 

characteristics, i.e. a unit particle size constituting carbon black, surface area per 
unit weight (specific surface area), degree of connecting particles (structure), 
surface form and the like. Therefore, various carbon blacks having different 
characteristics are selectively used in accordance with the rubber performances 
25 required, environment used and the like. 

[0004] In the rubber composition used in the ground contact face of the tire, 
it is an important factor that a resistance to wearing due to the contact with 
ground during the high-speed running (wear resistance) is excellent and at the 
same time, the hysteresis loss property due to the repetitive deformation of the 
30 rubber composition generated by the contacting with the ground surface is 

decreased (low heat buildup). However, these two properties are known to be 
conflicting with each other. 

[0005] When carbon black having a larger specific surface area or structure 
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is adopted as a means for improving the wear resistance with carbon black for 
tire tread compounding, there is sitll a problem because the wear resistance is 
conflicting with the low heat buildup as mentioned above, so that various carbon 
blacks having different characteristics are proposed for solving such a problem. 
5 [0006] For example, there is proposed an invention that constitutional 

elements other than carbon included in the carbon black and the surface activity 
are noticed to specify the sum of hydrogen quantity and oxygen quantity on the 
surface of the carbon black or a ration thereof (see, for example, JP-A-H04- 
108837 and JP-A-HlO-36703). 

10 [0007] Also, there is proposed an invention that an extract component 

included in the carbon black with a solvent such as pyridine or toluene (heavy tar 
component) is reduced to improve the dispersibility in rubber or the like, 
whereby the reinforcing property and wear resistance of the rubber composition 
are improved (see, for example, JP-A-HlO-36703 and JP-A-H09-40883). 

15 [0008] Although the reaction process of producing carbon black by the 
thermal decomposition or partial combustion of the starting hydrocarbon 
introduced into a high-temperature gas flow is very complicated and a detail 
thereof is not still elucidated, there Is disclosed that when the conditions of 
forming carbon black are generally constant, low aromatic hydrocarbon- 

20 containing carbon black having a UV absorbance of not more than 0.15 is 

obtained by turning off from an introduction position of a quenching medium for 
stopping the carbon black forming reaction and decreasing the amount of water 
stopping the reaction (see, for example, JP-A-H08-269360). Since such an 
invention is concerned with a production process of a coloring carbon black, 

25 when the resulting carbon black is exposed to a high-temperature atmosphere for 
a long time, the surface activity is generally lowered, so that there is a fear of 
deteriorating the properties such as wear resistance, low heat buildup and the like 
as the rubber composition. 
DISCLOSURE OF THE INVENTION 

30 [0009] Heretofore, the particle size or structure of the carbon black 
compounded in the rubber composition constituting the tire is generally 
considered to be a dominant factor for improving the wear resistance of the tire, 
and there is known that as the particle size of the carbon black becomes smaller, 
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the wear resistance is improved, but when the particle size of the carbon black is 
extremely small, the poor dispersion in rubber is caused to increase the heat 
buildup. If such a rubber composition is used to prepare a tire tread, the wear 
resistance is excellent, but the low fuel consumption is poor. That is, as to the 
5 particle size of the carbon black, there is a conflicting relation between the wear 
resistance and the low heat buildup. Also, as the structure is increased, there is 
a tendency of improving the wear resistance, but there is a problem that when the 
structure is too increased, the processability and resistance to chipping are 
deteriorated and further the heat buildup increases. Furthermore, when the 

10 amount of the carbon black compounded is increased, the wear resistance is 
improved to a certain extent, but there is the same fear as in the case of 
increasing the structure (deterioration of the processability and the like). 
[0010] In light of the above problems, therefore, it is an object of the 
invention to provide a rubber composition for a tire tread establishing a high 

15 wear resistance and a low heat buildup and a pneumatic tire using the same. 
[0011] The inventors have noticed the residence time or average reaction 
temperature of the starting hydrocarbon or the like in the production step of 
carbon black and made various studies in order to achieve the above object. As 
a result, it has been found that carbon black having excellent wear resistance and 

20 low hest buildup can be produced by defining a product indicating heat applied at 
what temperature for what time at each production step (indication of degree of 
heat history) and setting a value of this product to a specified range, and as a 
result, the invention has been accomplished. 

[0012] A first aspect of the invention lies in a rubber composition for a tire 
25 tread comprising 10-250 parts by weight of a carbon black per 100 parts by 
weight of a rubber component, in which the said carbon black is produced in a 
carbon black production step using a production furnace wherein a combustion 
zone, a reaction zone and a reaction stop zone are coaxially connected to each 
other and including a step of producing a high-temperature combustion gas 
30 through the combustion of hydrocarbon fuel in the combustion zone, a step of 

spraying a starting hydrocarbon into the high-temperature combustion gas flow in 
the reaction zone to convert the starting hydrocarbon into carbon black through 
partial combustion or thermal decomposition reaction and a step of quenching the 
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high-temperature combustion gas flow with a quenching medium in the reaction 
stop zone to complete the reaction, under conditions satisfying the following 
relational equations (1) and (2): 
2.00 <a* 9.00 „...(!) 
5 -2.5 xa + 85.0 sps 90.0 ..... (2) 

when a residence time from the introduction of the starting hydrocarbon into the 
high-temperature combustion gas flow to the introduction of the quenching 
medium is tl (sec), an average reaction temperature for such a time is Tl (°C), a 
residence time from the introduction of the quenching medium to the enter of a 

10 reaction gas flow into the reaction stop zone is t2 (sec), an average reaction 
temperature for such a time is T2 (°G), a = tlxTl and |3 = t2xT2. 
[0013] A carbon black obtained under such a production condition that the a 
value is less than 2.00 does not give a sufficient reinforcing property to the 
rubber composition and lowers the wear resistance because a toluene tinting 

15 permeability is less than 90% and an extraction amount with monochlorobenzene 
is more than 0.155 and most of a poly aromatic hydrocarbon component included 
in the carbon black is existent and such a component does not develop the 
reinforcing effect to rubber. Also, a carbon black obtained under such a 
condition that the a value exceeds 9.00, i.e. under a condition of subjecting to an 

20 excess heat history at the carbon black reaction step lowers the wear resistance of 
the rubber composition and undesirably increases the heat buildup because a 
hydrogen desorption ratio is less than 0.260-6.25xl0" 4 xCTAB (weight%). 
[0014] Also, a carbon black obtained under such a production condition that 
the (5 value is less than the value of -2.5xa + 85.0 even when the a value satisfies 

25 the above range, i.e. under a case that the heat history from the introduction of 
the quenching medium to the reaction stop zone is small has a toluene tinting 
permeability of less than 90% and an extraction amount with monochlorobenzene 
of more than 0.15%, while a carbon black obtained under a production condition 
of subjecting to an excess heat history at the (3 value of more than 90.0 has a 

30 hydrogen desorption ratio of less than 0.260-6.25xl0* 4 xCTAB (weight%), so that 
these carbon blacks are not favorable due to the same reasons as mentioned 
above. 

[0015] In the rubber composition for the tire tread according to the first 
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aspect of the invention, the deterioration of the mechanical properties of the 
rubber composition, particularly wear resistance can be avoided by optimizing 
the heat history as mentioned above, and hence the high wear resistance and low 
heat buildup are obtained. 
5 [0016] Furthermore, it is preferable that the a value and the |3 value satisfy 
the following relational equations (3) and (4): 

3.00 <sa<; 8.00 (3) 

-2.5xa + 85.0 <s|3<; 86.0 (4) 

[0017] Further, the rubber composition for the tire tread according to the first 

10 aspect of the invention is preferable to be compounded with a carbon black 
produced in the carbon black production step further containing a step of 
introducing a gaseous body in the reaction zone or the reaction stop zone. As 
the "gaseous body" may be used air, a mixture of oxygen and hydrocarbon, a 
combustion gas through the combustion reaction thereof and the like. By 

15 introducing such a gaseous body can be adjusted the average reaction 

temperatures Tl and T2. Moreover, the water amount or the like may be 
properly adjusted at the position of introducing the quenching medium for 
adjusting the average reaction temperature T2. 

[0018] In addition, the rubber composition for the tire tread according to the 
20 first aspect of the invention is required to be compounded with a carbon black 
having a dibutyl phthalate absorption (DBP) of 40-250 ml/100 g and a 
compressed DBP absorption (24M4DBP) of 35-220 mi/g. When DBP is less 
than 40 ml/100 g or 24M4DBP is less than 35 ml/g, the tensile stress required as 
the rubber composition for the tire tread at minimum can not be developed, while 
25 when DBP is more than 250 ml/lOOg or 24M4DBP is more than 220 ml/g, the 
elongation required at minimum can not be ensured. 

[0019] Also, it is preferable to be compounded with a carbon black having a 
dibutyl phthalate absorption (DBP) of 95-220 ml/100 g and a compressed DBP 
absorption (24M4DBP) of 90-200 ml/g. 
30 [0020] Further, the rubber composition for the tire tread according to the first 
aspect of the invention is required to be compounded with a carbon black having 
a cetyltrimethylammonium bromide adsorption specific surface area (CTAB) of 
70-200 m 2 /g. When CTAB is less than 70 m 2 /g, the minimum tensile strength 
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required as the rubber composition for the tire tread can not be developed, while 
when it exceeds 200 m 2 /g, the dispersibility in the rubber composition can ne be 
ensured sufficiently, and the wear resistance and the like of the rubber 
composition are deteriorated. 
5 [0021] In addition, the rubber composition for the tire tread according to the 
first aspect of the invention is preferable to be compounded with a carbon black 
having a tinting strength (TINT) > 0.363xCTAB-f-71.792. In case of the tinting 
strength (TINT) > 0.363xCTAB+71.792 improves the reinforcing property of the 
rubber with the carbon black. By using this rubber composition for the tire 
10 tread according to the first aspect can be particularly improved the wear 
resistance. 

[0022] Alternatively, the rubber composition for the tire tread according to 
the first aspect of the invention is preferable to be compounded with a carbon 
black having a tinting strength (TINT) < 0.363xCTAB+71.792 and (TINT) > 50. 

15 In case of the tinting strength (TINT) < 0.363xCTAB+71.792, the dispersibility 
of the carbon black in the rubber is improved to contribute to lower the heat 
buildup of rubber. In case that TINT is not more than 50, the strength and wear 
resistance practically durable as the tire can not be developed. By using this 
rubber composition for the tire tread according to the first aspect can be 

20 particularly improved the low heat buildup. 

[0023] Furthermore, the rubber composition for the tire tread according to 
the first aspect of the invention is preferable to be compounded with a carbon 
black having a hydrogen desorption ratio > 0.260-6.25xl0" 4 xCATB (wt%). 
When the ratio is not more than the value of the above relational equation, the 

25 wear resistance of the rubber composition for the tire tread lowers and also the 
heat buildup becomes undesirably high. 

[0024] In addition, the rubber composition for the tire tread according to the 
first aspect of the invention is preferable to be compounded with a carbon black 
having a toluene tinting permeability of not less than 90% and an extraction 
30 amount with monochlorobenzene of not more than 0.15%. When the toluene 
tinting permeability is less than 90% or when the extraction amount with 
monochlorobenzene exceeds 0.15%, most of a heavy tar component included in 
the carbon black is existent and such a component does not give the sufficient 
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reinforcing effect to rubber and the wear resistance is undesirably deteriorated. 
[0025] Moreover, the carbon black compounded in the rubber composition 
for the tire tread according to the first aspect of the invention is required to be 
compounded in an amount of 10-250 parts by weight based on 100 parts by 
5 weight of the rubber component. When the amount is less than 10 parts by 
weight, the minimum strength required as the rubber composition for the tire 
tread can not be developed, while when it exceeds 250 parts by weight, there is 
caused a problem in the processability but also the minimum elongation required 
as the rubber composition for the tire tread can not be ensured. 
10 [0026] A second aspect of the invention lies in a pneumatic tire using the 

rubber composition for the tire tread according to the first aspect of the invention 
in a tread portion. 

[0027] In the pneumatic tire according to the second aspect of the invention, 
the wear resistance and the low heat buildup can be improved by applying the 
15 above rubber composition to the tread portion. 

[0028] According to the invention, there can be provided the rubber 
composition for the tire tread establishing the high wear resistance and the low 
heat buildup and the pneumatic tire using the same. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 [0029] FIG. 1 is a longitudinally sectional front view of a furnace for 
producing carbon black according to an embodiment of the invention; and 
FIG. 2 is a section view taken along a line A- A of FIG. 1. 
BEST MODE FOR CARRYING OUT THE INVENTION 
[0030] The invention will be described in detail below. 
25 [0031] (Production method of carbon black) 

The carbon black according to an embodiment of the invention is 
produced by using a carbon black producing furnace 1 shown in FIG. 1. An 
interior of the carbon black firing furnace 1 has a structure of coaxially 
connecting a combustion zone, a reaction zone and a reaction stop zone to each ... 
30 other, and a whole thereof is covered with a refractory. 

[0032] The combustion zone of the carbon black firing furnace 1 comprises a 
combustible fluid introducing chamber 2 (inner diameter: 450 mm<|), length: 400 
mm), a cylinder 4 for introducing an oxygen-containing gas (inner diameter: 250 
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mm<|>,. length: 300 mm) wherein an oxygen-containing gas introduced from an 
outer periphery of a furnace top portion through an oxygen-containing gas 
introducing pipe 3 is distributed with a straightening vane and introduced into the 
combustible fluid introducing chamber 2, and an inlet 6 of a fuel oil spraying 
5 apparatus disposed on a center axis of the oxygen-containing gas introducing 
cylinder and introducing a hydrocarbon for fuel into the combustible fluid 
introducing chamber 2. In the combustion zone, a high-temperature combustion 
gas is produced by the combustion of the hydrocarbon for fuel. 
[0033] Also, the reaction zone of the carbon black firing furnace 1 comprises 

10 a convergence chamber 7 (inner diameter at upstream side: 370 mmcj), inner 
diameter at downstream side: 80 mm(|>, converging angle: 5.3°) gradually 
converging the cylinder, a stock oil introducing chamber 9 including four stock 
oil spraying ports 8A-8D separately formed at the downstream side of the 
convergence chamber 7, and a reaction chamber 10 disposed at the downstream 

15 side of the stock oil introducing chamber 9. The stock oil spraying ports 8A-8D 
act to spray and introduce the starting hydrocarbon into the high-temperature 
combustion gas flowed from the combustion zone. As shown in FIG. 2, each of 
the stock oil spraying ports 8A-8D has four spray openings (8B-1, 8B-2, 8B-3, 
8B-4) disposed at an interval of 90 degrees on the same plane. Although the 

20 stock oil spraying port 8B is shown in FIG. 2, the other stock oil spraying ports 
8A, 8C and 8D have the same construction as mentioned above. In the reaction 
zone, the starting hydrocarbon is sprayed and introduced into the high- 
temperature combustion gas flow to convert the starting hydrocarbon into carbon 
black through partial combustion or thermal decomposition reaction. 

25 [0034] Further, the reaction stop zone of the carbon black firing furnace 1 
comprises a reaction continuing and cooling chamber 11 (inner diameter: 160 
mm(|), length: 7500 mm) having 25 spray devices a-y for pumping a quenching 
water for the stop of the reaction. The spray devices a-y for pumping the 
quenching water for the reaction stop spray the quenching medium such as water 

30 or the like to the high-temperature combustion gas flow fed from the reaction 
zone. In the reaction stop zone, the high-temperature combustion gas flow is 
quenched with the quenching medium to stop the reaction. 
[0035] Moreover, the carbon black producing furnace 1 may be further 
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provided with an apparatus for introducing a gaseous body in the reaction zone or 
the reaction stop zone. As the gaseous body may be used air, a mixture of 
oxygen and hydrocarbon, a combustion gas produced by a combustion reaction 
thereof, and so on. 

5 [0036] In the production step of carbon black according to this embodiment, 
there are satisfied the following relational equations (1) and (2): 
2.00 sas 9.00 ..... (1) 

-2.5 xa + 85.0 £(3*90.0 (2) 

when a residence time from the introduction of the starting hydrocarbon into the 
10 high-temperature combustion gas flow to the introduction of the quenching 

medium is tl (sec), an average reaction temperature for such a time is Tl (°C), a 
residence time from the introduction of the quenching medium to the enter of the 
reaction gas flow into the reaction stop zone is t2 (sec), an average reaction 
temperature for such a time is T2 (°C), a = tlxTl and (3 = t2xT2. Further, there 
15 are preferably satisfied the 

following relational equations (3) and (4): 

3.00 8.00 (3) 

-2.5xa + 85.0 86.0 (4) 

[0037] Also, the carbon black producing furnace 1 has a structure capable of 
20 inserting thermocouples into the furnace at arbitrary several places for 

monitoring the temperature inside the furnace. In order to calculate the average 
reaction temperatures Tl and T2, it is preferable to measure temperatures of at 
least two places, desirably 3-4 places in each step (each zone). 
[0038] Further, the residence times tl, t2 are calculated according to the 
25 following equations by calculating a volume of reaction gas flow introduced 
through a well-known thermodynamic calculation process. 
[0039] Residence time tl = a volume passing through a reaction furnace 
from a position of introducing a starting hydrocarbon to a position of introducing 
a quenching medium (m 3 )/a volume of a reaction gas flow (m 3 /sec) ..... (5) 
30 Residence time t2 = a volume passing through a reaction furnace 

from a position of introducing a quenching medium to a reaction stop position 
(m 3 )/a volume of a reaction gas flow (m 3 /sec) .... (6) 
[0040] (Physical and chemical properties of carbon black) 
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The carbon black produced by the aforementioned carbon black 
producing furnace and carbon black production method has the following 
characteristics. 

[0041] In the carbon black according to the embodiment of the invention, the 
5 dibutyl phthalate absorption (DBF) is 40-250 ml/100 g and the compressed DBP 
absorption (24M4DBP) is 35-220 ml/g. More particularly, the dibutyl phthalate 
absorption (DBP) is 95-220 ml/100 g and the compressed DBP absorption 
(24M4DBP) is 90-200 ml/g. 

[0042] Moreover, the dibutyl phthalate absorption (DBP) and the compressed 
10 DBP absorption (24M4DBP) are measured by a method described in ASTM 
D2414-88 (JIS K6217-97) and represented by a volume ml of dibutyl phthalate 
(DBP) absorbed per 100 g of carbon black. 

[0043] Also, the cetyltrimethylammonium bromide adsorption specific 
surface area (CTAB) of the carbon black according to the embodiment of the 

15 invention is 70-200 m 2 /g. 

[0044] Moreover, the cetyltrimethylammonium bromide adsorption specific 
surface area (CTAB) is measured by a method described in ASTM D3765-92 and 
represented by a specific surface area m 2 /g per unit weight of carbon black. 
[0045] Further, the tinting strength (TINT) of the carbon black according to 

20 the embodiment of the invention is TINT > 0.363xCTAB+ 71 .792. 
Alternatively , it is TINT < 0.363xCTAB+71.792 and TINT > 50. 
[0046] Moreover, the tinting strength (TINT) is measured by a method 
described in ASTM D3265-88 and represented by a blackness (index) with 
respect to a standard substance obtained by mixing a predetermined amount of 

25 carbon black with zinc oxide and paraffin oil. 

[0047] In addition, the hydrogen desorption ratio of the carbon black 
according to the embodiment of the invention is hydrogen desorption ratio > 
0.260-6.2xlO-4xCTAB (wt%). 

[0048] Moreover, the hydrogen desorption ratio is represented as a mass 
30 percentage by measuring an amount of hydrogen gas produced when (1) a carbon 
black sample is dried in an isothermic drier of 105°C for 1 hour and cooled to 
room temperature in a desiccator and (2) about 10 g of the sample is weighed in a 
tin tubular vessel and pressed and sealed and then (3) the sample is heated at 
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2000°C in a stream of an argon form 15 minutes in a hydrogen analytical 
apparatus (EMGA621W, made by Horiba Seisakusho). 

[0049] Also, the toluene tinting permeability of the carbon black according 
to the embodiment of the invention is not less than 90%. 
5 [0050] Moreover, the toluene tinting permeability is measured by a method 
described in Item 8, B-process of JIS K6218:1997 and represented by a 
percentage to pure toluene. 

[0051] Further, the extraction amount with monochlorobenzene of the carbon 
black according to the embodiment of the invention is not more than 0.15%. 
10 [0052] Moreover, the extraction amount with monochlorobenzene is 
measured by using monochlorobenzene as a solvent and conducting the 
extraction for 30 hours according to Item 9, Solvent extraction of JIS 
K6218:1997. 

[0053] (Rubber composition for tire tread) 
15 The rubber composition for the tire tread according to an embodiment 

of the invention comprises a rubber component, 10-250 parts by weight of the 
aforementioned carbon black per 1Q0 parts by mass of the rubber component and 
a softening agent, and may further contains other components properly selected, 
if necessary. 

20 [0054] As the rubber component are mentioned styrene-butadiene copolymer 
(SBR), natural rubber (NR), butadiene rubber (BR) and the like. 
[0055] The carbon black is used as a reinforcing filler in the rubber 
composition, in which carbon blacks having the above characteristics are used. 
As the carbon black according to this embodiment are mentioned, for example, 

25 FEF, SRF, HAF, ISAF, ISAF-LS, SAF-LS and the like. 

[0056] The softening agent is not particularly limited, and may be properly 
selected in accordance with the purpose, but an aromatic oil, a low-temperature 
softening agent, a thermoplastic resin and the like are used. The softening agent 
may be constituted with a single substance or may be constituted with two or 

30 more substances. The latter case is preferable in a point that the temperature 
dependence of hardness in the rubber composition can be made wiser. 
[0057] The other components included in the rubber composition may be 
properly selected and used within a range of not damaging the object of the 
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invention and include, for example, an inorganic filler, a softening agent, a 
vulcanizing agent such as sulfur or the like, a vulcanization accelerator such as 
dibenzothiazyl sulfide, N-cyclohexyl-2-benzothiazyl-sulfenamide, N- 
oxydiethylene-benzothiazyl-sulfenamide or the like, an accelerator activator, an 
5 antioxidant such as N-(l,3-dimethylbutyl)-N ? -phenyl-p-phenylenediamine or the 
like, additives such as zinc oxide, stearic acid, an antiozonant, a coloring agent, 
an antistatic agent, a lubricant, an oxidation inhibitor, a softening agent, a 
coupling agent, a foaming agent, a foaming assistant and the like, various 
compounding agents usually used in the rubber industry, and so on. In this case, 

10 commercially available products can be preferably used. 
[0058] (Production of rubber composition) 

The rubber composition according to the embodiment of the invention 
can be produced by milling the rubber component, the carbon black and the 
softening agent and, if necessary, the properly selected other components and 

15 then warming, extruding, curing and the like. 

[0059] The milling conditions are not particularly limited, but the conditions 
such as volume charged into a milling apparatus, revolution rate of rotor, lam 
pressure, milling temperature, milling time, kind of milling apparatus and the like 
can be properly selected in accordance with the purpose. As the milling 

20 apparatus are mentioned, for example, a Banbury mixer, an intermix, a kneader 
and the like, which are usually used in the milling of the rubber composition. 
[0060] The warming condition is not particularly limited, but various 
conditions such as warming temperature, warming time, warming apparatus and 
the like can be properly selected in accordance with the purpose. As the 

25 warming apparatus are mentioned, for example, a rolling machine and the like 
usually used in the warming of the rubber composition. 
[0061] The extrusion condition is not particularly limited, but various 
conditions such as extrusion time, extrusion rate, extrusion apparatus, extrusion 
temperature and the like can be properly selected in accordance with the purpose. 

30 As the extrusion apparatus are mentioned, for example, an extruding machine and 
the like usually used in the extrusion of the rubber composition. The extrusion 
temperature can be determined properly. 

[0062] In the extrusion, a process improving agent, for example, a plasticizer 
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sueh as aromatic oil, naphthemic oil, paraffininc oil, ester oil or the like, a liquid 
polymer such as liquid polyisoprene rubber, liquid polybutadiene rubber or the 
like may be properly added to the rubber composition for the purpose of 
controlling the fluidity of the rubber composition. In this case, the viscosity of 
5 the rubber composition prior to the vulcanization can be lowered to enhance the 
fluidity, and the extrusion can be conducted very effectively. 
[0063] The apparatus, system, conditions and the like for conducting the 
vulcanization are not particularly limited, but may be properly selected in 
accordance with the purpose. As the apparatus for conducting the vulcanization 

10 is mentioned, for example, a molding vulcanizer with a mold or the like usually 
used in the vulcanization of the rubber composition for tires. As the 
vulcanization conditions, the temperature is usually about 100-190°C. 
[0064] (Pneumatic tire) 

The pneumatic tire according to an embodiment of the invention can 

15 improve the wear resistance and low heat buildup by using the aforementioned 
rubber composition for the tire tread in a tread portion. Moreover, the 
pneumatic tire according to this embodiment has a conventionally known 
structure and is not particularly limited, and can be manufactured by the usual 
method. Also, as a gas filled in the pneumatic tire according to the embodiment 

20 can be used air or air having an adjusted oxygen partial pressure but also an inert 
gas such as nitrogen, argon, helium or the like. 

[0065] As an example of the pneumatic tire is preferably mentioned a 
pneumatic tire comprising a pair of bead portions, a carcass toroidally extending 
between the bead portions, a belt hooping a crown portion of the carcass and a 

25 tread, or the like. The pneumatic tire according to the embodiment of the 
invention may have a radial structure or a bias structure. 
[0066] The structure of the tread is not particularly limited, and may has a 
one layer structure or a multi-layer structure or a so-called cap-base structure 
constituted with an upper-layer cap portion directly contacting with a road 

30 surface and a lower-layer base portion arranged adjacent to the inner side of the 
cap portion in the pneumatic tire. In this embodiment, it is preferable to form at 
least the cap portion with the rubber composition according to the embodiment of 
the invention. The pneumatic tire according to the embodiment is not 
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particularly limited in t he manufacturing method and can be manufacture, for 
example, as follows. That is, the rubber composition according to the above 
embodiment is first prepared, and the resulting rubber composition attached onto 
an uncured base portion previously attached to a crown portion of a casing in a 
5 green pneumatic tire, and then vulcanization-built in a given mold under 
predetermined temperature and pressure. 
[0067] [Examples] 

The invention will be explained in detail with reference to the 
following examples, but the invention is not limited to these examples. 

10 [0068] <Production of carbon black> 

Carbon blacks of Examples 1-10 and Comparative Examples 1-7 are 
prepared by using the carbon black producing furnace explained in FIGS. 1 and 2. 
In the carbon black producing furnace, a fuel oil A having a specific gravity of 
0.8622 (15°C/4°C) is used as a fuel, and a heavy oil having properties shown in 

15 Table 1 is used as a starting oil. 
[0069] Table 1 



Specific gravity (JIS K2249)(15/4°C) 


1.1319 


Kinematic viscosity (JIS K2283)(mm2/s at 50°C) 


26.7 


Water content (JIS K2275)(%) 


0.5 


Residual carbon (JIS K2210)(%) 


11.6 


Sulfur content (JIS K2213)(%) 


0.4 


Carbon content (%) 


90.1 


Hydrogen content (%) 


5.4 


BMCI *1 


160 


Distillation 
characteristics (°C) 


I.B.P. *2 


188 


10% cut point 


234 


30% cut point 


291 


50% cut point 


360 



* 1 BMCI: Bureau of Mines Correlation Index 
*2 I.B.P.: Initial Boiling Point 



20 

[0070] The operating conditions in the carbon black producing furnace are 
shown in Tables 2 and 3. 
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[0073] Tables 2 and 3 show the conditions obtained by adjusting conditions 
in Examples 1-10 and Comparative Examples 1-7 such as total air amount 
introduced, stock oil amount introduced, temperature and fuel amount introduced 
in the carbon black producing furnace, and residence time from the position of 
5 introducing the starting hydrocarbon to the position of introducing the quenching 
medium, average reaction temperature in such a time, residence time from the 
introduction of the quenching medium to the reaction stop zone, average reaction 
temperature in such a time, and the like. 
[0074] Preparation of rubber composition> 

10 A rubber composition is prepared according to a compounding recipe 

shown in Table 4 by using carbon blacks produced under the operating 
conditions shown in Tables 2 and 3 in a Banbury mixer. This rubber 
composition is vulcanized in a pressure type vulcanizing apparatus at a 
temperature of 145°C for 30 minutes. 

15 [0075] Table 4 



Compounding recipe 
(parts by weight) 


NR *3 


50 


BR *4 


50 


Carbon black 


see Tables 5 and 6 


Antioxidant 6PPD *5 


1 


Stearic acid 


2 


Zinc oxide 


3 


Vulcanization accelerator 
BBS *6 


0.8 


Vulcanization accelerator 
DPG *7 


0.2 


Sulfur 


1 


Tire size 


11R22.5 



[0076] *3: RSS#3 

*4: cis type BR01, made by JSR Corporation 
20 *5: Nocrac 6C, made by Ohuchi-Shinko Chemical Industrial Co., Ltd. 

N-(l,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine 

*6: made by Ohuchi-Shinko Chemical Industrial Co., Ltd. N-t-butyl- 
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2-benzothiazol sulfanamide 

*7: made by Sumitomo Chemical Industrial Co., Ltd. 
diphenylguanidine 
[0077] <Measurement and test> 
5 (1) Physical and chemical characteristics of carbon black 

The DBP absorption, 24M4DBP absorption, CTAB surface area, 
TINT, hydrogen desorption ratio, toluene tinting permeability and extraction 
amount with monochlorobenzene are measured by the methods described in the 
above embodiment. 
10 [0078] (2) Evaluation of wear resistance 

A tire for a truck comprising a tread portion made from the rubber 
composition compounded with the respective carbon black is prepared and 
mounted onto a vehicle. At a time of running over 20,000 km, a decreasing 
amount of a groove is measured and represented by an index on the basis that 
15 Comparative example 1 is 100. Concretely, a loss amount through wearing is 
measured by means of a Lambourn abrasion tester, from which an index of the 
wear resistance is calculated according to the following equation. 
[0079] Wear resistance = loss amount of a rubber test piece as a comparison 
standard through wearing/loss amount of a rubber piece to be tested through 
20 wearing x 100 

The larger the index value, the better the wear resistance. 
[0080] (3) Evaluation of low heat buildup 

A temperature of a tire tread portion is measured after the tire is run 
on a steel drum under a constant load for a given time and represented by an 
25 index on the basis that Comparative Example 1 is 100. The larger the index 
value, the better the low heat buildup. 
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[0083] <Results> 

The effects of the rubber composition according to the invention will 
be explained from the production conditions and physical and chemical 
characteristics of the carbon blacks shown in Tables 2, 3, 5 and 6. 
5 [0084] It is understood that Examples 1-10 simultaneously establish the high 
wear resistance and the low heat buildup as compared with Comparative 
Examples 1-7. Moreover, the carbon blacks of Examples 1-10 satisfy the 
equations (3) and (4): 

3.00 sa<; 8.00 .....(3) 

10 -2.5xa + 85.0 <;|3s 86.0 ..... (4) 

and the carbon blacks of Comparative Examples 1-7 do not satisfy the equation 
(3) or (4). Therefore, it is understood that the rubber composition for the tire 
tread establishing the high wear resistance and the low heat buildup is obtained 
satisfying the above equations (3) and (4). 

15 [0085] Also, Examples 1-4 and 7-8 are particularly superior in the wear 
resistance to the other examples. Therefore, it is understood that the 
compounding properties specializing the wear resistance are obtained in case of 
the physical and chemical characteristics that the dibutyl phthalate absorption 
(DBF) is 95-220 ml/lOOg and the compressed DBF absorption (24M4DBP) is 90- 

20 200 ml/100 g and the cetyltrimethylammonium bromide adsorption specific 
surface area (CTAB) is 70-200 m2/g and the tinting strength (TINT) is TINT > 
0.363xCTAB+71.792. 

[0086] Furthermore, Examples 5 and 6 are particularly superior in the low 
heat buildup to the other examples. Therefore, it is understood that the 

25 compounding properties specializing the low heat buildup are obtained in case of 
the physical and chemical characteristics that the dibutyl phthalate absorption 
(DBP) is 95-220 ml/lOOg and the compressed DBF absorption (24M4DBP) is 90- 
200 ml/100 g and the cetyltrimethylammonium bromide adsorption specific 
surface area (CTAB) is 70-200 m2/g and the tinting strength (TINT) is TINT < , 

30 0.363xCTAB+71.792 and TINT > 50. 

[0087] Thus, the high wear resistance-specialized rubber composition and 
the low heat buildup-specialized rubber composition can be prepared by 
properly controlling the physical and chemical characteristics. 
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[0088] Moreover, Examples 9 and 10 could not simultaneously establish the 
high wear resistance and the low heat buildup. Therefore, it is understood that 
the carbon black production conditions satisfy the relational equations (l)-(4) and 
the physical and chemical characteristics of the carbon black are within 
5 predetermined ranges in order to achieve the establishment of the high wear 
resistance and the low heat buildup. 

[0089] On the other hand, it is understood that the compositions using the 
carbon blacks of the comparative examples not satisfying the production 
conditions and physical and chemical characteristics defined in the invention can 
10 not simultaneously establish the high wear resistance and the low heat buildup. 
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